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TAA1（拟南芥色氨酸氨基转移酶 1）催化由色氨酸形成吲哚 3 丙酮酸的反
应。该反应是 IPA 所依赖的生长素合成通路中的第一步。本论文中，我们研究了
TAA1 的转录调控机制。首先，通过对 TAA1 基因组序列的分析和构建由 TAA1 转
录调控元件驱动报告基因表达的转基因植物，我们分离和鉴定了位于 TAA1 启动
子和第二个内含子中的两个顺式调控元件，发现它们对于 TAA1 组织特异性的表
达是必须的。随后，我们通过酵母单杂交技术，发现部分细胞分裂素 B 类 ARRs
（Arabidopsis Response Regulators）的 C 末端区域，可以直接特异性地结合
到上述顺式调控元件上，其结合依赖于启动子区经典的 ARR结合位点和内含子区
域两个新型的 ARR 结合位点。通过原生质体瞬时表达系统，我们证明了
ARR1C(ARR1 C 端)与上述 ARR 结合位点的结合可激活其下游报告基因的表达。B
类 ARRs 是细胞分裂素信号转导途径中的重要组分。我们进一步研究则表明 B 类
ARRs不仅参与到细胞分裂素对于 TAA1的转录调控中，同时也参与到了乙烯，光
和发育信号对 TAA1 的表达调控。同时，我们发现 ARR12（B 类 ARR，不与 TAA1
基因组上的 ARR 结合位点结合），GAI（赤霉素信号转导组分）和 EIN3 (乙烯信
号转导组分)蛋白，可以直接与 ARR1C 相互作用，并促进 ARR1C 的转录活性。我



















                   Abstract
Auxin is a key hormone required for plant growth and development. During 
embryogenesis, organ formation and tropisms, establishing proper gradient is critical 
for auxin function, which is achieved through coordinated regulation of both auxin 
metabolism and transport. Expression of auxin biosynthetic genes is often tissue 
specific and is regulated by environmental signals. However, the underlying 
regulatory mechanisms remain elusive.  
TAA1 (L-Tryptophan aminotransferase of Arabidopsis 1) catalyzes the 
formation of indole-3-pyruvic acid (IPA) from L-tryptophan (L-Trp), which is the first 
step in the IPA-dependent IAA biosynthesis pathway. Here, we investigated the 
transcriptional regulation of TAA1. First, we analysed TAA1 genomic sequence and 
construted transgeneic plants in which the reporter gene expression was drived by 
TAA1 transcriptional regulatory elements. Then two cis regulatory elements were 
identified in the promoter and the second intron of TAA1, which were required for its 
tissue specific expression. Through Y1H technology, we found that C-terminals of a 
subset of type B ARRs (Arabidopsis response regulators) selectively bind to above cis 
regulatory elements which depend on one canonical and two novel ARR binding sites 
in the promoter and the second intron of TAA1, respectively. We then performed 
protoplast transient expression analysis, which demonstrated that the activation of 
downstream reporter gene expression was upon ARR1C(C-terminal of ARR1) binding 
to the above ARR binding sites. Type B ARRs are important components of cytokinin 
signaling transduction pathway. We further demonstrated that type B ARRs not only 
mediate the transcriptional regulation of TAA1 by cytokinins, but also mediate its 
regulation by ethylene, light and developmental signals. Meanwhile, we found that 
ARR12, GAI(Gibberellic Acid Insenstive ) and EIN3(Ethylene-Insenstive3) directly 
interact with ARR1C and enhance its transcriptional activity. We thus propose that 
type B ARRs act as key transcriptional regulators of TAA1 by integrating hormonal, 
environmental and developmental signals. 













                                       缩写对照表 
IX 
 
                      缩写对照表   
全称 缩写 
Aureobasidin A ABA 
Arabidopsis his kinase  AHK 
Arabidopsis histidine phosphotransfer protein AHP  
Arabidopsis response regulators ARRs 
6-benzylamino-purine 6-BA 
Base pair  bp  
Coding sequence  CDS  
Chromatin immuno-precipitation-quantitative PCR  ChIP-qPCR  
dimethyl sulfoxide  DMSO  
complimentary deoxyribonucleic acid  cDNA  
dithiothreitol  DTT  
Ethidium bromide  EB  
ethylene diamine tetraacetic acid  EDTA  
Electrophoretic Mobility Shift Assay EMSA  





Soybean heat-shock gene hs6871 sequence HSP 
Histidine His 
isopropyl β-D-1-thiogalactopyranoside  IPTG  
Luria-bertani medium  LB  
Leucine  Leu 
Firefly luciferase  Luc 
2-(N-Morpholino)ethanesulfonic acid  MES 
Paclobutrazol PAC 
Piperazine-1,4-bisethanesulfonic acid  PIPES 
phenylmethylsulfonyl fluoride  PMSF 
polyvinylidene difluoride  PVDF  
Renilla luciferase  RLuc  
Terrific Broth  TB 
Tris/EDTA buffer  TE 
Tryptophan Trp  
uracil Ura 
untranslated regions  UTR  
5-Bromo-4-chloro-3-indoxyl-α-D-galactopyranoside X-α-Gal 
X-glucronide  X-Gluc  
Yeast One-hybrid  Y1H 
















                     第一章 前言 
1 模式植物拟南芥 
拟南芥在系统进化树上位于鼠耳芥属，十字花目，双子叶植物纲，被子植
















































如图 1.1 所示，人们提出以 L-Trp 为前体的 IAA 合成途径可能有以下四种，并
根据其中间产物分别命名为：吲哚 3乙酰胺(indole 3 acetamide, IAM), 色胺,β-
吲哚基乙胺 (Tryptamine,TAM), 吲哚 3 乙醛肟（indole 3 acetaldoxime，IAOx）
和吲哚 3丙酮酸（indole 3 pyruvic acid，IPA）途径[6-8]。这些途径的协调分工及
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        图 1.1 植物中色氨酸依赖型和非依赖型的生长素合成途径[8] 
Figure1.1 Tryptophan (Trp)-dependent and Tryptophan (Trp)-independent pathways 
for plant auxin biosynthesis[8]  
     实心箭头指示着鉴定出催化酶的途径，而虚线箭头指示着没有鉴定出催化酶的途径。ANT:邻
氨基苯甲酸；AS:邻氨基苯甲酸合成酶 ；CHA:分枝酸；IAAId：吲哚乙醛；IAM：吲哚 3 乙酰胺；
IAN:吲哚 3 乙腈；IAOx：吲哚 3 乙醛肟；IGP:吲哚 3 甘油磷酸；IGs：吲哚硫代葡萄糖苷；IGS: 吲
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环境中时，绝大部分 IAA将解离成 IAA_的形式，该种形式的 IAA 不能以自由扩散
的形式通过细胞膜，其运输依赖于生长素运输载体[10]。目前植物中已知的生长素
运输载体包括生长素输出载体：植物特有的 PINs（PIN-FORMEDs）家族和 ABCB (ATP 




图 1.2 化学渗透假说和不同的生长素运输载体家族[13] 
Figure1.2 The chemiosmotic theory and the different families of auxin carriers[13] 
 
2.2.1 PINs（PIN-FORMEDs）家族 
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